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ABSTRACT 
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Morphology has been determined from serial sectioning and dissec-
tions of the post-pharyngeal, maxillary, mandibular, and labial glands 
of the red imported fire ant, Solenopsis invicta Buren. Various para-
meters such as weight, length, width, and number of lobes of the post-
pharyngeal glands, cellular and nuclear diameters of the labial and 
maxillary glands, length and width of the mandibular glands, and the 
number of cells of the maxillary glands have been compared and con-
trasted among castes. 
Ratios of gland measurements to body length indicate the post-
pharyngeal glands are most highly developed in the queen caste. All 
other glands associated with the mouthparts are most highly developed 
on a relative size basis in the minum caste and least developed in the 
queen caste. 
The lumen of the post-pharyngeal glands of all castes of the red 
i.m.porte<l .fire ant is empty at the time of em2rgence. After seven days 
of colony exposure to sugar water, the lumen of the glands re~ains 
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empty. The glands in all castes are still colorless and flaccid even 
though the crop is filled with a sugar solution. Only after feeding on 
materials high in lipid does the lumen become full, acquiring the 
characteristic turgid, yellow color typical of glands from older worker 
and reproducer castes. 
The post-pharyngeal glands selectively absorb and hold lipids from 
ingested foods for long periods of time. These lipids come from the 
food only, since the post-pharyngeal glands from queens do not seques-
ter triglycerides or fatty acids from the haemolymph. 
Lipid classes from the post-pharyngeai glands of worker and queen 
castes separated by column fractionation are not attractive to members 
of the colony. Excision of the post-pharyngeal glands from a mated, 
established queen causes no noticeable change in her behavior or the 
behavior she elicits from the remainder of the colony. Therefore, 
the post-pharyngeal glands are not the source of any specific phero-
mone. 
The post-pharyngeal glands attain their greatest weight and 
largest amount of lipid in colony establishing queens which have just 
reared the first minum brood. Radioisotope studies indicate that 
these lipids are absorbed from the lumen of the glands by the gland 
cells and transported to the haemolymph. 
The post-pharyngeal glands appear to be a modification of the 
alimentary tract, functioning in much the same manner as the gastric 
caeca of other insects. The results obtained indicate that the post-
pharyngeal glands are not true glands and that any reference to them 
as such is a misnomer. The post-pharyngeal glands should therefore 
be referred to as the cephalic caeca. 
ACKl~OWLEDGMENTS 
I express my sincere gratitude to Dr. S. Bradleigh Vinson for 
his patience, guidance, and encouragement throughout the course of 
my study. 
I thank those who served on my committee: Dr. Larry L. Keeley, 
Dr. Morris G. Merkle, Dr. Page W. Morgan, and Dr. Frederick W. Plapp. 
Their helpful suggestions and critical evaluation of this manuscript 
are gratefully appreciated. 
Gratitude is expressed to the staff of the Entomology Research 
Laboratory for providing a comfortable and stimulating atmosphere in 
which to work. Special thanks are accorded Dr. Ann Sorensen for her 
artistic talents. 
I also thank my wife, Kathy. Her interest, encouragement, and 
understanding made the completion of this dissertation possible. 
V. 
Dedicated with Love and Respect to My Wife 
Kathy 
vi 
ABSTRACT ••••• 
ACKNOWLEDGEMENTS. 
TABLE OF CONTENTS 
. . . . . . . . 
. . . ' . . . . . . . . . . . . . . . . . . . . 
DEDICATION ••• 
LIST OF TABLES. 
LIST OF FIGURES 
INTRODUCTION •• 
• • • • • • • • • • • • II • 4 • • • • • • • • • • 
. . . . . . . . . . . . . . . . . . 
. . . - . . . . . ' . . . . . . . . . . . . . 
. . . . . . . " . . . . . . . 
LITERATURE REVIEW . . . . . . . . . . . . -. . . . . . . . . . 
1Jf .•A.TERIALS AND I\ffiTHODS • 
• • • • 9 • • • • • • • 
Morphology • • • • • • • • • • • • 
Source of Post-Pharyngeal Gland Contents. 
Function of the Pos_t-Pharyngeal Glands • 
. . . . . 
. . . . . . ' . 
RESULTS .•.• . . . . . . . . . . 
Morphology . . . . . . . . . 
Post-Pharyngeal Glands ..•••.•••• 
Maxillary Glands~ . . • • • • • • • • • • • • • 
Mandibular Glands •••.•• • • • • • • 
Labial Glands. • • •••••• · • ~ · 
Size Comparisons Among Castes. 
Source of Post-Pharyngeal Gland Contents 
Function of the Post-Pharyngeal Glands. 
.DISCUSSION AND CONCLUSION 
• • e • • •· • 
. . . . . .. . . 
. . . . . . . . 
vii• 
Page 
iii 
V 
vi 
viii 
ix 
1 
3 
9 
9 
10 
14 
20 
20 
20 
20 
26 
26 
26 
36 
42 
53 
REFERENCES CITED. • • • • • • • • • • • . • • • • • • . • . • • · 63 
VITA. . . • . • . . . . . . . . . . . . . . . . . . . . . . . . . 6 7 
Table 
1 
2 
3 
viii 
LIST OF TABLES 
Page 
Elution mixtures for florisil chroma,tograms ••••• • 15 
Percent total 14c activity obtained by adult worker 
post-pharyngeal glands from the surface of worker larvae. 43 
Percent total counts 14c triolein recovered from S. 
invicta queens after injection into crop 5 days after 
mating ••••••• . . . . . . . . . . . . • • 50 
ix 
LIST OF FIGURES 
Figure Page 
1 Dorsal view of the post-pharyngeal, maxillary, mandibular, 
and labial glands of the red imported fire ant queen ••• 21 
2 Dorsal view of the post-pharyngeal, maxillary, mandibular, 
and labial glands of the red imported fire ant minum ••• 22 
3 Cross and saggital section of post-pharyngeal gland lobes 
of the red imported fire ant queen .•• 9 • • • • • 23 
4 Cuboidal epithelial cells of post-pharyngeal gland lobes 
5 
6 
of the red imported fire ant queen. • • • • 24 
Maxillary gland of the red imported fire ant queen 
Mandibular gland of the red imported fire ant queen. 
• • 25 
• 27 
7 Labial gland of the red imported fire ant queen •••••• 28 
8 Size comparisons of the post-pharyngeal glands among 
castes of the red imported fire ant,~- invicta ..• • 30 
9 Size comparisons of the maxillary glands among castes of 
10 
11 
12 
the red imported fire ant,~- invicta. • • ••••• 33 
Size comparisons of the mandibular glands among castes 
of the red imported fire ant,.§_. invicta. • . • • 35 
Size comparisons of the labial glands among castes of the 
red imported fire ant,.§_. invicta. . . • • • • • • 38 
Average relative percentages total counts recovered of 
14c triolein and 14c oleic acid from the post-pharyngeal 
glands, crop, and esophagous of!• invicta workers • 41 
13 Percent total counts recovered after injections of 14c 
triolein into mated established queens. • • • • • . • 44 
ll~ Percent total counts recovered after injections of 14c 
oleic acid into mated established queens. • • . . 45 
15 Dry weights in milligrams of midgut, crop, esophagous, and 
post-pharyngeal glands from_§_. invicta queens during 
various stages of colony establishment. • • • • 48 
16 P 1 14c · 1. d f S ercent tota counts trio ein recovere · rom .• 
invic.ta queen body extracts minus the implants .••..• 51 
Figure Page 
17 Percent total counts 14c triolein recovered from the post-
pharyngeal glands, esophagous, and remainder of S. invicta 
queen body •.•••••••••••••• • 52 
18 Source of post-pharyngeal gland contepts. Saggital sec-
tion through the alimentary tract of a queen of S. invicta, 
depicting food-flow through the foregut •••••••••• 56 
19 Function of the post-pharyngeal glands. Saggital section 
through the alimentary tract of a queen of§_. invicta in 
the process of colony establishment •••••••••••• 61 
X 
INTRODUCTION 
Wheeler (1910) emphasized the important relationship which exists 
between the well developed glandular systems of ants and ant behavior. 
Since Wheeler's work, many morphological and physiological investiga-
tions of the various glandular systems among ants have been pursued in 
detail. 
The post-pharyngeal glands of the leaf-cutting ant were described 
by Peregrine et al. (1974) as glove-shaped, lying over the brain, and 
opening into the pharynx. Forbes and McFarlane (1961) compared the 
anatomy of the glandular systems among castes of the carp~nter ant, 
and found the post-pharyngeal and maxillary glands to be well devel-
oped in the queen caste, and the labial glands to be least developed 
in the queen and male castes. Still other authors (Blum et al., 
1968; Paulsen, 1971) have described the morphologies and character-
ized the chemical contents from the mandibular and labial glands of 
ants which may serve a role in digestion and the releasing of specific 
social behaviors. 
Much controversy exists as to the function(s) of the post-pharyn-
geal glands of ants. Forbes and McFarlane (1961) stated th{lt the 
glands are involved in the digestion of ingested fats. However, Ayre 
(1963) stated that the glandular contents may be a food source for 
workers and larvae through trophallaxis. Brian {1968) suggested that 
The citations on the following pages follow the style of the 
Annals of the Entor.:1.ological Society of_ Amec~ca. 
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primer pheromones originating from the queen and larvae may accumulate 
in the lumen of the post-pharyngeal glands as a result of worker tend-
ing activities. The glandular contents would thus serve as a carrier 
for the pheromones. Brian and Blum (1969) found that lipid extracts 
from either the mandibular or post-pharyngeal glands reduced the num-
ber of developing queens when applied topically to reproductive larvae 
and that these extracts regulated the growth rates of larger larvae. 
Delage-Darchen (1976) not only suggested that the post-pharyngeal 
glands regulate caste determination, but that histologically the post-
pharyngeal gland cells appear to function in the absorption of lipids. 
This study was undertaken to better understand the basic biology 
of the red imported fire ant, Solenopsis invicta Buren. The three 
primary objectives to this study were as follows: 1) compare the 
morphology of the glands associated with the mouthparts among castes; 
2) ascertain the source of the post-pharyngeal gland contents; and 
3) determine the major function of the post-pharyngeal glands. By 
learning more about the glandular systems of the red imported fire ant, 
and in particular, the role of the post-pharyngeal glands as related 
to feed~ng and social organization, integrated pest management pro-
cedures may be more successfully implemented. 
LITERATURE RtVIEW 
Morphology of the post-pharyngeal glands in ants was first des-
cribed by Meinert (1861) in Formica rufa and Myrmica ruginodis. 
Lubbock (1877) also described the glands of Lasius niger, L. flavus, 
and M. ruginodis. Janet (1897, 1899, and 1905) described the post-
pharyngeal glands of L. rnixtus, L. niger, and M. rubra. More recent 
descriptions of the anatomy of the post-pharyngeal glands include 
those of Camponotus herculeanus pennsylvanicus DeGeer (Forbes, 1938), 
Stigmatomma pallipes (Haldeman), (Wheldon, 1957a), and Rhytidopohera 
convexa Mayr (Wheldon, 1957b). 
Peregrine et al. (1974) described the paired post-pharyngeal 
glands of the leaf-cutting ant, Acromyrmex octospinosus (Reich), as 
glove-shaped, lying over the brain, and opening into the pharynx 
through rings of sclerotised cuticle. The gland wall is comprised 
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of a single layer of cuboidal epithelial cells supported by an exten-
sion of the foregut intirna. These authors stated that the cells are 
regular and hexagonal in shape with small nuclei. Forbes and McFarlane 
(1961) described and compared the anatomy of the post-pharyngeal glands 
among female and male castes of the carpenter ant, C. pennsylvanicus, 
and found them to be well developed in the queen caste. Bugnion (1930) 
stated that although all species of ants have post-pharyngeal glands, 
the glands are less developed in primitive species. 
Peregrine et al~ (1972) have observed that the lumen of the post-
pharyngeal glands of the fungus growing ant, Atta_ ~,P_halotes (L.), con-
tains a yellow oil, the amount differing between individuals. i1ore 
recently, Peregrine and Mudd (197L._) stated that the glands of the 
worker and reproducer castes of the leaf-cutting ant, A. octospinosus, 
are filled with different kinds of oils as a result of different 
diets. 
Chemical analyses revealed that 10 triglycerides comprise 85%, 
free fatty acids comprise 5%, and free sterols comprise 5% of the 
glandular secretion of A. octospinosus. The major portion of each of 
the classes is dioleoyl palrnitin, palmitic acid, and ergosterol, 
respectively (Peregrine et al., 1974). The post-pharyngeal glands 
of Messer capitatus (Latr.) have been shown to contain phytosterols, 
mainly campesterol (Barbier and Delage, 1967). 
Janet (1894) first discovered that the post-pharyngeal glands 
take up a blue dye when fed to L. flavus. More recently Echols 
(1966) observed that the glands of the leaf-cutting ant, A. 
octospinosus, become stained with Calico blue within 15 hours of 
feeding on food containing the dye. Percy (1970) has demonstrated 
that fat soluble dyes enter the lumen of the post-pharyngeal glands 
of the fungus growing ant within 3 minutes and that water soluble 
dyes do not penetrate any further than the base of the glands' open-
ings at the pharynx. Peregrine et al. (1972) also observed that fat 
soluble dyes accumulate in the post-pharyngeal glands of A. 
cephalotes. However, they stated that most of the dye enters the 
p.:,st-pharyngeal glands and only a small portion enters the gut. The 
fat and water soluble dye, Nile blue, enters the glands to a lesser 
extent. The majority of the dye is confined to the gut~ According 
to these authors, water soluble methylene blue never penetrates the 
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glands further than the base of the openings with the pharynx. 
Peregrine et al. (1972) demonstrated by radioisotope procedures that 
glyceryl tristearate enters the glands directly through the openings 
with the pharynx. Peregrine and Mudd (1974) have also shown with 
radioactive tracers that the liposoluble portions of plants eaten by 
A. octospinosus enter the glands directly from ingested foods. 
Much controversy exists as to the major function of the post-
pharyngeal glands of ants. Forbes and McFarlane (1961) stated that 
the glands function in the digestion of ingested fats. However, Ayre 
(1963) stated that less lipase activity in the post-pharyngeal glands 
than in the fat cells of C. herculeanus suggests that the glandular 
contents may be a food source for worker castes and larvae through 
trophallaxis as suggested by Bugnion (1930). Ayre also stated that 
developing nematodes found in the post-pharyngeal glands (Janet, 
l.89L•; Nickle and Ayre, 1966; and Harkin and McCoy, 1968) indicate 
that the secretion may be a complete food source, which affords fur-
ther evidence that the glands are involved in trophallaxis. He fur-
ther suggested that the low enzymatic action of the glandular con-
tents and the high energy value of triglycerides support his theory 
and do not support the theory of Forbes and McFarlane. However, 
trophallaxis has not been observed in all ants with well developed 
post-pharyngeal glands (Forbes and .McFarlane, 1961). 
It is not known if the contents of the post-pharyngeal glands 
are secreted into the pharynx or if the contents slowly leak into 
the alimentary tract. According to Peregrine et al. (1974), hae-
mocoelic pressure may facilitate secretion, as rapid discharge is 
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unlikely without compressor musculature. Naarrnann (1963) and Paulsen 
(1969) have shown that the contents are slowly secreted into the crop 
of Formica polyctena and F. nigricans. Markin (1970) demonstrated 
with radioisotopes that the oil contents from the post-pharyngeal 
glands of workers of Iridomyrmex humilis (t1ayr.) are fed primarily to 
the queen and larvae. Markin further suggested that the contents of 
the glands may be a mixture of secretory products from the glandular 
cells as well as lipids drained from ingested foods. Paulsen (1969) 
supports the view that the glandular contents may be partly secretory 
products by stating that radioactive triolein injected into the abdo-
men is sequestered from the haemolymph by the post-pharyngeal glands 
in F. polyctena. Brian (1973b) dyed the post-pharyngeal glands of 
M. rubra by feeding Sudan black ground together with the abdomen of 
house flies. The crop of the adult ants was then cleared by feeding 
the ants house fly thoraxes which are virtually oil free. The gut 
of the larvae was then noted to be purple after the adults had tended 
them, indicating once again that the post-pharyngeal gland contents 
may be a food source for the larvae. However, Brian also showed by 
the use of Sudan black that the blue droplets in the cytoplasm of 
the gland cells come from the lumen of the glands. He stated that 
the oil and water emulsion disappeared if sugar water only was fed 
to the ants. The author thus said the glands are gut diverticuli 
and collect the lipid-rich fraction from ingoing food by a gravita-
tional process. He provided further evidence for this claim by 
experiments in which he removed the post-pharyngeal glands from live 
anesthetized worker castes and noted that the fat body and ovaries 
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became underdeveloped and inactive. 
Contrary to Markin's belief, Brian thought the glands could not 
be both secretory and absorptive at the same time. Delage (1968) 
supported this conclusion by stating that chlorophyll-dyed oil has 
been seen as droplets in the cytoplasm as well as in the lumen of 
the glands after feeding. The author stated that this is evidence 
for the occurrence of digestive and absorptive processes occurring. 
Zylberberg et al. (1974) also reported lipid inclusions inside the 
gland cells. By electron microscopy, the authors noted depressions 
in the cuticular intima, many microtubules located beneath these 
depressions, and lipid globules on the surface of the epicuticle 
above the depressions. Barbier and Delage (1967) also stated that 
the simultaneous presence of sterols and fatty acids in M. capitatus 
suggest that these lipids may be regurgitated to the larvae, whereas 
the remainder of the gland contents may be absorbed by the post-
pharyngeal gland cells per se. 
According to Brian (1968), primer pheromones originating from 
the queen and larvae may accumulate in the lumen of the post-pharyn-
geal glands as a result of worker tending activities. Therefore, the 
secretory products of the glands may serve as a carrier for the 
pheromones. Bigley and Vinson (1975) isolated a brood pheromone, 
triolein, from the surface of the sexual brood of the red imported 
fire ant, Solenopsis invicta, thus lending evidence to Brian•·s sug-
gestion. Brian and Blum (1969) also found that fatty acids produced 
from either the mandibular or post-pharyngeal glands of M. rubra re-
duced the number of developing queens v1hen applied topically to rePro--
ductive larvae and that these fatty acids regulated the growth rates 
of larger larvae. Delage-Darchen (1976) suggested that sterols se-
creted from the post-pharyngeal glands of ants may also regulate caste 
determination. 
Brian (1973a) excised the post-pharyngeal glands from queens to 
determine if volatile chemicals could be produced from the glands and 
transmitted to the workers, thus influencing worker caste behavior. 
The results were that the post-pharyngeal glands are not essential for 
queen recognition, although they may contribute to overall queen 
characterization. Thompson et al. (1979, unpublished data, Insect 
Physiology Lab., Sea-USDA, Beltsville, MD. 20705) identified various 
alkanes from the post-pharyngeal glands of virgin i· invicta queens. 
The authors found that these chemicals cause a clustering behavior 
in the ants when smeared on filter papero Brian (1973b) noted that 
post-pharyngeal glands smeared on adult workers caused no detectable 
behavioral changes toward them by the other workers, although post-· 
pharyngeal glands smeared on larvae caused the larvae to be eaten by 
the workers. 
Finally, Wilson (1971) stated that the post-pharyngeal glands of 
ants appear to have evolved de novo to serve in social organization. 
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MATERIALS AND t.1ETRODS 
Mature colonies of S. invicta were excavated from the field and 
brought into the laboratory where they were removed from the soil by 
floating out the ants and brood with water (Jouvenaz, 1977). The 
colonies were maintained in plastic shoe boxes (Vinson and Robeau, 
1974) and fed a mixture of insects, peanut butter, and high protein 
baby food. Colonies were collected with forceps.one day after the 
mating flight before they began excavating a brood chamber. Nuptial 
queens were collected with forceps as they emerged from their mounds 
prior to the mating flight. All colonies for study were collected 
from Brazos and Grimes counties, Texas, from the fall of 1975, 
th.rough the summer of 1978. 
Morphology 
Ants for study were removed from a colony, the sex and caste 
noted, and their body length recorded. The specimens were either 
narcotized by CO2 or held at 6°c, pinned to a sw~ll wax block, and 
the various glands dissected free under Pringles' (Pringle, 1938) 
saline. 
Post-pharyngeal gland weight, length, width, and number of lobes 
from 10 specimens of each caste were obtained. Individual wet weights 
were determined with a Kahn electrobalance, with care being taken to 
remove excess moisture with a small piece of absorbent paper. Length, 
width, and number of lobes were recorded from fresh specimens mounted 
on glass slides under cover slips and examined through the ocular 
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fitted with a micrometer in either a stereo or a compound microscope. 
Cellular and nuclear diameters of labial and maxillary glands, length 
and width of mandibular glands, and the number of cells of maxillary 
glands were obtained from 10 individuals within each caste by this .. 
same procedure. All measurements for each gland within each caste 
were averaged and analyzed by Duncan's new multiple range test 
(Steel and Torrie, 1960) for significant differences. Ratios of 
body length of each caste_ to each gland measurement within each 
caste were determined and compared. 
The head and thorax of major workers were placed in Kahle's 
fixative (Vinson, 1969) for 24 hours. The specimens were treated 
with increasing grades of isopropyl alcohol and tetrahydrofuran. 
Following infiltration with increasing grades of paraplast, the 
specimens were embedded, sectioned into 12 to 20 micron diameter 
saggital and frontal sections, and placed on a slide warmer at 40°c 
for several days. Upon staining with hematoxylin-eosin, sections 
containing the post-pharyngeal, maxillary, mandibular, and labial 
glands were mounted in PermountR (Humason, 1967) and examined under 
a compound microscope for gross morphology and cellular detail. 
'l.'he post-pharyngeal, maxillary, mandibular, and labial glands 
from worker castes and reproductive castes were also dissected free 
in cold saline. The glands were placed on glass slides, stained 
with iuethylene blue, and examined under a compound microscope. 
Source of Post:Pharyngeal Gl2nd Contents 
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To characterize the lipid classes in the post-pharyngeal glands) 
lipid extracts were made in the following manner: Fifty post-·pharyn-
11 
geal glands each were dissected under cold saline from all castes and 
placed in 5 ml of chloroform:methanol (2:1) on ice. The glands were 
ground in tissue homogenizers until no residue was visually detectable. 
The lipid extract was washed 3 times with equal volumes of distilled 
water and concentrated to a volume of 1.5 ml under nitrogen. Approx-
imately 100 ul of the lipid fraction were spotted on Silica gel 60 or 
Silica gel 60-254 TLC plates (Brinkman) and placed in unlined tanks 
containing a solvent system of hexane:diethyl ether:glacial acetic 
acid (84:15:1). The solvent front was allowed to migrate 15 crop 
Detection was accomplished by UV light, iodine, or charring with 50% 
sulfuric acid, Comparisons were made with known standards. 
To determine if the lumen of the post-pharyngeal glands of· the 
adult ant would fill independently of a food source, reproducer and 
worker pupae were isolated and allowed to emerge without assistance 
from worker adults. After emergence, members of each caste were 
held without food for varying lengths of time. The post-pharyngeal 
glands were then dissected free under cold saline. Other newly 
emerged adults were fed sugar water for 7 days before dissection~ 
The color, size, presence of lipid in the lumen, and fullness of· 
the post-pharyngeal glands of both groups were compared with glands 
from the same castes which had emerged in a well fed colonyt 
Dyes were added to two types of food as tracers to determine if 
certain types of foods would move directly into the glands. One 
percent solutions of oil soluble Calico reel or Calico blue dyes in 
once-refined soybean oil or 1% solutions of water soluble methylene 
blue in distilled water were separately presented to workers~ The 
time workers spent feeding was recorded. In another test, oil soJ..u.-. 
ble Calico red and water soluble methylene bluE: dyes were placed on 
adult house flies and ground together with a mortar and pestle before 
being presented to ants. Upon dissection, the pattern of staining of 
the crop and glands was noted. To insure that the dye tracer was not 
absorbed by the haemolymph from the midgut and subsequently seques--
tered by the post-pharyngeal glands, workers without abdomens were 
fed dyed oil and the staining pattern of the glands recorded. 
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To ascertain whether the post-pharyngeal glands or the crop would 
lose lipid first, and into which organ new lipid would enter immedi-
ately following feeding, colonies were first presented 1% solutions 
of Calico blue in soybean oil for 24 hours. These colonies were then 
maintained without food for 3 months. After 3 months these colonies 
were fed 1% Calico red in soybean oil and immediately dissected to 
note the pattern and sequence of staining of the crop and post-
pharyngeal glands. 
To confirm that certain lipids would move directly into the 
lumen of the post-pharyngeal glands, glycerol tri (1-14c) oleate and 
(1-14c) oleic acid in once-refined soybean oil (Amersham 26365, 
Clearbrook, Arlington Heights, 11. 60005) were each presented 
separately to approximately 30 workers which had been starved for 
several weeks. The post-pharyngeal glands, crop, a~d esophagous 
from each ant were either immediately dissected out, or removed 
after 2 or 9 minutes of feeding, and individually placed in 
scintillation vials. Ten milliliters of scintillation cocktail consist-· 
ing of 700 ml of toluene, 300 ml of ethylene glycol monomethyl ether~ 
<l 64 1 f c -4 R dd ~ 1 • 1 an -m o 0pectra.t.Lotir , wer2 a ca to ea~n via . Radioactivity 
was determined by scintillation in a Beckman LSC-100 liquid scintilla-
tion counter. All counts were corrected for background radioactivity. 
Since adult worker ants groom and tend larvae, the possibility 
was investigated that some of the lipid in the adult post-pharyngeal 
glands might be obtained from the larvae. Twenty-five worker larvae 
were each topically treated with the aid of a micro-applicator with 
0.5 ul of 14c triolein or 14c oleic acid in a 1% solution of lecithin 
in distilled water. Each group of larvae was treated with ca. 10,000 
cpm per larva and placed on moistened filter paper in a covered Petri 
dish together with 25 worker adults .. Adults were removed at 4, 8, 
and 24 hour intervals in an experiment replica.ted three times.. The 
post-pharyngeal glands of the workers were dissected under cold 
saline and placed individually in scintillation fluid to determine 
the radioactivity as previously described~ The l~vel of radio-
activity for each labeled lipid dose in the post-pharyngeal glands 
was also calculated on a count/minute/weight basis and compared to 
the total radioactivity in the remainder of the insect. 
To determine if the post-pharyngeal glands sequester or secrete 
triglycerides and fatty acids, radiolabeled triolein or oleic acid 
was first injected into the haemocoel of mated, established queens. 
One half microliter of 14c triolein dispersed in 1% lecithin in dis-
tilled water was injected into queens through the ventral abdominal 
surface of the sixth intersegmental membrane. Each queen was in-
jected with ca. 10,000 cpm and kept isolated at 30°c in a small vial 
containing moistened filter paper. At preselected times after in-
jection, the queens were narcotized by CO2 and dissected under 
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saline. The post-pharyngeal glands, esophagous, and crop were rinsed 
in saline to remove any contamination from the haemolymph and each 
placed separately in scintillation fluid as previously described for 
counting. Each region was ligated to reduce movement of its contents 
from one region to another before removal. The labial, maxillary, 
and mandibular glands were also counted individually to determine 
activity as was the remaining abdomen, thorax, and head. The com-
bined organ rinse and holding container rinse were also checked for 
activity. 
Function of the Post-Pharyngeal Glands 
Attractiveness responses from workers toward lipid fractions 
from worker and queen post-pharyngeal glands were determined follow-
ing column fractionation. One hundred major worker post-pharyngeal 
glands and 100 post-pharyngeal glands from queens were separately 
extracted as previously described. Eighteen grams of prewashed 
silicic acid (100 mesh) were wet packed into a column 2 cm by 30 cm. 
The column was washed with chloroform to which 1.5 cm of sodium sul-
fate had been added (Rauser et al., 1965). The lipid extract was 
carefully added to the column. Phospholipids remained on the column, 
whereas neutral lipids were eluted in 100 ml of chloroform. The 
phospholipids were next eluted with 100 ml of methanol. Thirty grams 
of 7% hydrated florisil were wet packed with hexane in a column 2.5 
cm by 25 cm. The chloroform lipid extract was evaporated to S ml by 
suction and carefully added ta the column .. Two hundred milliliters 
of the various eluates (see Table 1) were utilized to separate all 
knom1 lipid classes. Ten milliliter fractions were callee ted and 
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Table 1. Elution mixtures for florisil chromatograms. 
ELUENT ELlITED MATERIAL 
Hexane Hydrocarbons 
5% Ether/Hexane 
15% Ether/Hexane 
25% Ether/Hexane 
50% Ether/Hexane 
2% Methanol/Ether 
4% Acetic acid/Ether 
After: Carrol, 1961. 
Sterol Esters 
Triglycerides 
Sterols 
Diglycerides 
Monoglycerides 
Free Fatty Acids 
15 
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concentrated to 1.5 ml. One hundred microliters of each fraction were 
spotted on Silica gel 60 or Silica gel 60-254 TLC plates (Brinkman) to 
insure identity. Like fractions were pooled and evaporated to s·m1. 
by suction. One hundred microliters of each fraction were spotted on 
(Whatman #1) filter paper 11 cm in diameter and presented to both well 
fed and starved colonies. Corn cob grits washed in hexane. were 
coated with each solvent fraction. After solvent evaporation, 20 
corn cob grits containing each lipid fraction were presented to the 
colonies to note worker behavior. 
The effect that excision of the post--pharyngeal glands has on 
behavior of the queen and the behavior she elicits from the remainder 
of the colony was determined. The post-pharyngeal glands were excised 
from live anesthetised queens under saline solution (Brian, 1973a) by 
the use of a scapel fashioned from a needle in which the eye end had 
been flattened with a hammer and sharpened on a hard Arkansas wet 
stone to a fine cutting edge (Meola, 1977, personal communication 1 
Texas A&M Univ., College Station, Tx. 77843). AU-shaped incision 
was made beginning at the base of the left antenna, and then circling 
the vertex to the base of the right antenna. The cuticle was pulled 
forward to expose the glands which were then removed with forceps by 
carefully pulling them free from their sclerotised openings with the 
pharynx. The hinged cuticle was replaced and sealed with paraffin 
and beeswax (1:1). After overnight recuperation, the queens were 
placed back in the colony and their behavior observed. 
To determine changes in the amounts of lipid in the foregut 
and midgut of queens during colony establishment, wet weights were 
obtained from the post-pharyngeal glands, esophagous, crop, and 
midgut. The various organs were dissected under cold saline from 10 
individual queens within each stage of colony establishment and 
individual wet weights obtained with a Kahn electrobalance. The 
stages of colony establishment for queens are as follows: emerged 
queens which have emerged from pupation; sexually mature queens 
at least two weeks old; nuptial -- queens in the process of leaving 
the mound for the mating flight; mated 3 days queens collected 3 
days after the mating flight; brood reared -- queens which have just 
reared the first minum brood to adults; and established -- queens 
which were collected from established colonies. Weighed organs were 
placed in a desiccator containing anhydrous Caso4 (DrieriteR) 
desiccating agent for several days to remove excess water. Individual 
dry weights were then obtained. 
Movement of lipid through the foregut and midgut of a developing 
queen was determined. Five days after the nuptial flight, 0.5 ul 
glycerol tri (1-14c) oleate with ca. 10,000 cpm were dorsally injected 
into the crop through the fourth abdominal intersegmental membrane 
with a capillary tube pulled to a fine needle with a microelectrode 
puller. Ten queens were dissected at 5 day intervals from the time 
of injection through 15 days. The midgut, crop, esophagous, and post-
pharyngeal glands were dissected free under cold saline and individu-
ally placed in scintillation vials for counting as previously des-
cribed. 
To determine if lipids in the lumen of the post-pharyngeal glands 
could be released into the haemolyrnph through the gland cells, major 
workers were first fed once-refined soybean oil containing 1% Calico 
17 
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red or Calico blue and 14c triolein. Once the post-pharyngeal glands, 
esophagous, and crop were determined by visual observation to contain 
the dye, and thus to contain the isotope, each was dissected out and 
rinsed with cold saline. The ducts of the post-pharyngeal glands and 
the ends of the dissected crop and esophagous were ligated with the 
smallest strand obtainable from nylon thread (button twist) to prevent 
leakage. Each was implanted separately into an anesthetized queen 
held under cold saline by PlasticineR clay. The implant was placed 
in the thorax by temporarily removing the right epinotum from the 
prothorax by the use of a scapel fashioned from a needle. After 
implantation, the epinotum was replaced and sealed as previously 
described. The implant was dissected out at 15 hours, inspected to 
determine if the ligations held, rinsed in cold saline, and counted 
for activity. Whole bodies of the queen were also homogenized in 
acetone by tissue grinders and counted for activity. Ten replications 
were performed for each implant. 
To confirm that lipids could move from the lumen of the post-
pharyngeal glands directly into the haemocoel, established queens 
were first anesthetized under cold saline. The right epinotum was 
removed and the esophagous looped out by the use of a small wire 
(wolfram) hook electrically eroded to a fine point. A single 
strand of nylon thread was inserted under the csophagcus and tied, 
thus ligating the esophagous in the anterior portion of the prothorax 
directly behind the po.s t--pharyngeal gland openings. The intact, 
ligated esophagous was placed back in position and the incision 
sealed as previously described. After overnight recuperation, each 
queen was placed back in. her colony which had in L:he meantime fed on 
14c · 1 . . f. l b 1 % ~ trio ein in once-re inec soy ean oi and lo Calico blue. After 24 
hours, the queens with blue post-pharyngeal glands, as seen through 
the head cuticle, were rinsed with acetone, anesthetized by CO2 , and 
placed under saline. The post-pharyngeal glands were removed along 
with the esophagous and crop. Each was individually rinsed in saline 
and counted for activity. Whole body extracts from the queen were 
also counted for activity. The procedure was replicated lO times. 
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RESULTS 
Morphology 
Post-Pharyngeal Glands: The post-pharyngeal glands of the 
queen occupy a large portion of the head capsule (Fig. 1). The 
glands completely cover the brain, extending forward to the maxillary 
and mandibular glands. In contrast, the post-pharyngeal glands of 
the minum worker contain fewer and smaller lobes which do not extend 
over the optic nerves and overlie only the anterior half of the brain 
(Fig. 2). Each branched, tubular shaped gland opens separately and 
laterally into the posterior portion of the pharynx. Both openings 
are supported by sclerotised rings of cuticle. A single layer of 
cuboidal epithelial cells surrounds each lumen of the post-pharyn-
geal glands (Fig. 3). Each cell is regular in shape and contains a 
small, centrally located nucleus. The thick, cuticular intima lin-
ing of the foregut is visible in the lumen of each lobe of the 
glands. A yellow oil, often with a very small amount of water solu-
ble material, as identified by the distinct interface, is character-
istically found in the post-pharyngeal glands. The cuboidal epithe-
lial cells surrounding the lumen of each lobe are readily visible 
(}1g. 4). Lipid inclusions, either in the lumen or in the cells 
surrounding the lumen, are equally noticeable. 
Maxillary Glands: The maxillary glands consist of two groups 
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of large spherical cells, each cell containing a large nucleus (Figs. 
1, 2, and 5). Each cell in both clusters is connected to the anterior 
edge of the infrabuccal tube by a short, slender duct. These ducts 
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merge into small bundles to form larger ducts which in turn lead to 
the short contrn.on duct adjoining the anterio-lateral edge of the infra-
buccal chamber. A connective sheath envelopes and securely holds the 
spherical cells of each maxillary gland together (Fig. 5). 
Mandihular Glands: The mandibular glands lie between the inner 
base of each mandible and the inner surface of each compound eye 
(Figs. 1 and 2). The reservoir of each gland (Fig. 6) consists of 
small, simple squamous epithelial cells, each cell containing a smal1 
nucleus. The glandular cells appear to number 5 to 7 and lie within 
the apical region of the reservoir. The reservoir is laterally 
flattened with the duct opening on the median base of each mandible. 
Labial Glands: Each of the paired labial glands is located in 
the anterior, lateral region of the prothorax (Figs. 1 and 2). The 
cells contain many vacuoles throughout the cytoplasm (Fig. 7). Small 
cuticular ducts with annular thickenings connect each of the cells 
with one another and with the salivary gland ducts. Many fusiform 
nuclei line these thickened, larger salivary gland ducts. The ducts 
unite beneath the ventral nerve cord in the cervical region to form 
the salivary duct which opens to the salivarium. The nuclei of the 
labial glands are large. Unlike other ants, an enlarged reservoir 
is not present. 
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Size Comparisons Among Caste:5: Comparative measurements (Fig. SA) 
taken from the post-pharyngeal glands of the various castes demonstrate 
the order of increasing development to be rninUtn, minor, male, major, 
and queen. The number of lobes is signific.antly different in all 
castes except betr-veen minum and minor and betwP.e!l minor and male. 
..... , --0.3MM------1 
MANDIBULAR GLAND 
Fig. 6. ~1andibular gland of the red imported fire ant queen. 
r.r;R = mandibular gland reservoir; SP= spine; ~IDB= mandible. 
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Fig. 8. Size comparisons of the post-pharyngeal glands among 
castes of the red imp9rted fire ant,~- invicta. (A) Average 
relative units of post-pharyngeal gland parameters measured. Numbers 
on graph refer only to average relative units of like parameters among 
castes. Significant differences between like parameters among castes 
are indicated by a different letter. (B) Ratios of post-pharyngeal 
gland measurements to body lengths X 1000. 
RATIO OF PPG MEASUREMENTS TO BODY LENGTH @) 
f I I f I I I I I I I '-.'--1-j ,~ 
~mw!i 1112 C I I I 11243 
ii:: [ill!Jil-106 
~--::::::::::::::::::::::2 
o I I I 11s ,,-~95 
i!::IE•■ l!III' ;'° JJ:::::;:::z:>::::::::::::::::::::::,:::::: 6 
~ I 2a4 
-108 
~r::::::::=::::::=::::2 
~ llllllllll1s4 
-66 
0~-•••••••••••••••••~,:•■••111 
~\:f:::j:J:{f::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~:::::::::::::::::21 
m .WI I 2s9 
z --81 
AVERAGE RELATIVE UNITS @ 
~flc4 
~ 11111 ~~ii 1111 I I I I I I I I I I lfl 11 m 45ou Ill 
~n2oou 
gs 
ili.J~~(l~;s1ou 
C:024 
:::::::::: ~ 
illlllli- ~ ~ 
~ "C C> 0 
,,,,, "C co 
"ti C> :E m 
"ti -4 en 
G) :E . 
C r -4 
z :c 
-4 
:::c 
r 
m 
C> 
m 
z 
C 
f •:•:•:•:-:-:-:-:-:-:-:-:-:-:-:-:• to33ug ~ ~i iii iii ii"I i (1 i ( i lliilll ll ll ll ll I I\ ll \l \\II Ill 11 ll 1111 lll ll 11 l\ II\\\ I\ I\ \l\l\ (\II\\\\\\\ \\o1soou 
--l>570u 
rn'ill11'1ITi1l~il /////////////////////////I/II// I// I// I I ID940u 
~CD400u 
0 
~liliilillil~llill:IWIWi\'ii'iiWi'i'ii'ilW& ,,17/ilW::~~~g" 
uJ 
0 
Only the weight of the queens' glands is significantly different from 
all other castes, whe·ceas the width differs in all castes. No differ-
ence exists in length of the glands between queens and majors and 
between males and minors. When the post-pharyngeal gland measurements 
are graphed with respect to body length (Fig. 8B), one sees that the 
glands of the queen are larger even on a relative size basis than 
the glands in the other castes. The majors, in addition to the 
queens, exhibit a disproportionately larger number of lobes and 
greater weight. Little difference is noted between minum, minor, 
and male castes. 
The order of increasing development of the maxillary glands is 
minum, minor, male, major, and queen (Fig. 9A). The cell diameter 
of the queen and major castes is significantly different from all 
other castes, whereas the number of cells of the maxillary glands is 
s:i.gnificantly different in all castes. When body length or caste is 
considered (Fig. 9B), one finds the relative order of size reversed, 
with the queen and male glands being least developed, followed by 
the major, minor, and minurn castes. 
The order of increasing development of the mandibular glands 
is minor, male, minum, major, and queen castes (Fig. lOA). Only 
the reservoir width of the queen and major castes is significantly 
different from all other castes. However, when the ratio of the 
mandibular gland measurement to body length is plotted (Fig. I.OB), 
the order of increasing development is basically reversed. Male 
and q uee·n glands are least developed, followed by major, minor, and 
minum castes. 
31 
Fig. 9. Size comparisons of the maxillary glands among castes 
of the red imported fire ant~~- invicta. (A) Average relative 
units of maxillary gland parameters measured. Numbers on graph re-
fer only to differences between like parameters among castes. 
Significant differences between like parameters among castes are 
indicated by a different letter. (B) Ratios of maxillary gland 
measurements to body lengths XlOOO. 
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Fig. 10. Size comparisons of the mandibular glands among 
castes of the red imported fire ant,~- invicta. (A) Average 
relative units of mandibular gland parameters measured. Numbers 
on graph refer only to differences bewteen like parameters among 
castes~ Significant differences are indicated by a different 
letter. (B) Ratios of mandibular gland measurements to body 
lengths X 1000. 
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Finally, this same pattern of development is demonstrated with the 
labial glands (Fig. llA). The order of increasing development is minum, 
minor, male, major, and queen. Only the cell diameter of the queens' 
labial glands is larger than all others. However, when labial gland 
measurements are related to caste (Fig. llB), the order of development 
is again basically reversed, with the male and queen glands being least 
developed and the major, minor, and minum castes most highly developed. 
Source of Post-Pharyngeal Gland Contents 
Characterization of lipid classes in the post-pharyngeal glands 
indicates that all major lipid classes are present in all castes, re-
gardless of locality collected or season of the year tested. The 
order of decreasing quantity as determined from visual inspection of 
the TLC spots is as follows: triglycerides> hydrocarbons~ 
cholesterol esters> phospholipids ~ monoglycerides ~cholesterol> 
diglycerides > free fatty acids> methyl esters of fatty acids. The 
only difference in classes of lipids from the glands was detected in 
field mated queens from multiple queen colonies. Glands from these 
queens were shown to contain large amounts of methyl esters of fatty 
acids. Rarely was this class of lipid found in large amounts in worker 
or male castes, and then only in field colonies, as opposed to those 
colonies which had been reared in the laboratory for several weeks. 
Newly emerged ants in all castes exhibit flaccid, colorless post-
pharyngeal glands. Once the adult ants have been fed by workers via 
trophallaxis, the glands take on the characteristic full, turgid, 
yellow color exhibited by older, well fed workers and reproducers. 
Both reproducer and worker castes fed sugar water for seven days 
F.-ig. 11. Size comparisons of the labial glands among castes 
of the red imported fire ant, E..· invicta. (A) Average relative 
units of labial gland parameters measured. Numbers on graph refer 
only to differences between like parameters among castes. Signifi-
cant differences are indicated by a different letter. (B) Ratios 
of labial gland measurements to body lengths X 1000. 
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after the time of emergence show post-pharynge~l glands characteristic 
of newly emerged adults even though the crop is filled with sugar 
water. 
The post-pharyngeal glands stain immediately when ants are fed 
oil containing oil soluble Calico blue or Calico red dye. The inten-
sity of staining in the glands increases with increasing feeding time, 
even in the absence of an abdomen artd crop. Methylene blue dissolved 
in sugar water does not stain the glands regardless of the length of 
feedj_ng time. The post-pharyngeal glands of ants presented both oil 
soluble Calico red and water soluble methylene blue dyes ground to-
gether with house flies to form a palatable blended dye mixture, be-
come stained only with Calico red. The crop shows the presence of 
both Calico red and methylene blue stains. 
Ants i.nitially fed oil containing Calico red dye, and then 
starved for 3 months, exhibit a loss of red color in the crop. How-
ever, the post-pharyngeal glands remain full and retain the red color. 
When other similarly-treated ants are fed oil containing Calico blue 
dye, the crop becomes stained immediately with the blue dye, whereas 
the post-pharyngeal glands do not. After several minutes, the blue 
dyed oil from the crop can be found mixed with the red dyed oil in 
the post-pharyngeal glands. 
Starved ants with initially depleted post-pharyngeal glands that 
39 
b 1 f d · , 14c · 1 · 14c 1 · · d ·h are su sequent y e eitner trio ein or o e1..c aci sow a nega-
tive correlation between the amount of time spent feeding and the de-
gree of radioactivity of the post-pharyngeal glands relative to the 
crop (Fig. 12). As the feeding interval increases, the amount of 14c 
Fig. 12. Average relative percentages total counts recovered 
of 14c triolein and 14c oleic acid from the post-pharyngeal glands, 
crop, and esophagous of S. invicta workers~ Each timed feeding 
interval of 30 individuals for each class was separated into 3 
categories. The times within each category were averaged. 
70-
060-
LU 
a: 
LU 
> 
0 
0 
~50-
en 
1-
z 
:::, 
0 u 40-
..J 
~ 
0 
I-
I- 30-
z 
LU 
(.) 
a: 
LU 
a. 
20-
10 
-
===---
-
- -=-
-- . a==- • s-· --l=is5 I== I== ~ ==Ill ' ■
TRIOLEIN OLE IC 
ACID 
20 SECONDS 
LEGEND 
en 
:::, 
C 0 
z c., 
<( <( 
...I :c 
c., Q. Q. 
c.: 0 0 
"'· a: en 
...: (.) LU 
I : 
==11111111 
==Ill 
-=- --
=- =111111 
- -
-
=-=Ill =-
-
===-
- -=- --
- --
===-1 -i 515 = ~ m: 
TRIOLEIN OLEIC 
ACID 
2 MINUTES 
89 95 
~ ~ 
~ ~ 
=- ==Ill 
• =~=-TRIOLEIN OLE IC 
ACID 
9 MINUTES +' 
f--1 
labeled lipid which enters the post-pharyngeal glands decreases in re-
lation to that which enters the crop. 
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Only a small percentage of the total radioactive triolein or oleic 
acid applied to the larvae is actually recovered from the post-pharyn-
geal glands of adult worker castes at 4, 8, and 24 hour intervals 
during which the adults tend the larvae (Table 2). Even on a count/ 
minute/weight basis, the adult ant obtains only a relatively small 
amount of the radioactivity available from the larvae. 
When radiolabeled triolein or oleic acid is injected into queens, 
the percent of total radioactivity recovered from the various organs 
does not appreciably differ from 1 hour through -7 days (Figs. 13 and 
14). The abdomen, thorax, and head contain the largest percentages 
followed by the crop and midgut. Based on total counts, the post-
pharyngeal glands appear to have slightly higher radioactivity than 
either the labial, maxillary, or mandibular glands. However, when 
all glands are compared on a count/minute/weight basis> the counts 
are no higher in the post-pharyngeal glands than either the labial, 
maxillary, or mandibular glands. Thus, the post-pharyngeal glands 
do not sequester either triolein or oleic acid from the haemolymph 
to any greater extent than do other glands. 
Function of the Post-Pharyngeal Glands 
No order of attractiveness of workers to the va:cious lipid frac-
tions from the post-pharyngeal glands of worker or queen castes could 
be detennined. All fractions elicited a mild response as workers 
tended to congregate in the areas on which the fractions were spotted. 
However, this behavioral response of the workers towards each lipid 
Table 2. Percent total 14c activity obtained by adult wor~er 
post-pharyngeal glands from the surf ace of worker larvae. 
4 HR 
a/ 0.40 % 
b/ PPG:A.DULT 
1:0.6 
a/ 
l~ HR 
0.40 % 
PPG:ADULT 
1:1.1 
TRI0LEIN 
8 HR 
0.20 % 
PPG:ADULT 
1:0.9 
0LEIC ACID 
8 HR 
0.26 % 
PPG:ADULT 
1:2.8 
24 HR 
0.42 % 
PPG:ADULT 
1:1.1 
24 HR 
0.16 % 
PPG:ADULT 
1:2.0 
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a/ Percent total counts recovered from the post-pharyngeal glands. 
b/ Ratio on a counts/minute/weight basis of post-pharyngeal gland 
activity compared with total activity obtained from remainder of adult 
insect. 
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fraction was weak and at times nonexistent. 
Excision of the post-pharyngeal glands from the queen caused 
no detectable change in her behavior or the behavior she elicited 
from the remainder of the colony. Workers continued to feed-and 
tend the queen, the queen continued to lay eggs which developed 
into adults, and the queen was still recognized as a queen by the 
workers over the two months in which she lived. However, during 
this time, the queen steadily lost weight and eventually died. 
The dry weight of the crop (Fig. 15), which primarily contains 
lipid, increases from the time of emergence through sexual maturity. 
It reaches a peak weight just prior to the mating flight, From 
mating, through the various stages during which the queen rears the 
brood, the crop contents decrease and reach a low once the queen has 
established a colony. The midgut increases in weight from the time 
of emergence to a peak in sexually mature queens. From this point, 
the midgut decreases in weight to a low in that stage which has just 
reared the first minum brood to adults. The weight of the midgut of 
established queens resumes the weight approximating that of sexually 
mature queens. The esophagous contains a small amount of lipid up 
to and including the mating flight. Following mating, the weight of 
the esophagous rapidly increases and reaches its peak weight during 
that stage of the queen's life in which the first minum brood become 
adults. Once established, the weight of the queen's esophagous 
decreases to approximately that of the esophagous of sexually mature 
queens. The weight of the post-pharyngeal glands also increases from 
the time of emergenc.e through the brood rearing process. The increase 
Fig. 15. Dry weights in milligrams of midgut, crop, esophagous, 
and post-pharyngeal glands from_§_. invicta queens during various stages 
of colony establishment. Each weight represents the mean of 10 repli-
cations. 
~ .77mg 1.8mg 1.8mg .38mg '- :. ·~ ~ ~ ~ { I .175-1 ~ ~ ~ LEGEND 
MIDGUT ¼ f ~ E i • ;}/ROP ~ -. 150-I I 0ES H. s I ■ ZPPG I -~ I ■ ~ b -I ■ ~ .125-1 E I I -~ ■ ; I -I ■ ~ -z ~ ■ § -- .100- I I ■ I- -:::c I • C, ~ f -■ w -3= .075-
~- I: SI ■ !S. i§; -& • Ii -- ~- ~ ~ ■ -.050-1 ■ 11 Ii I 1: -■ I! - I 
=I• 
~= ■ f l; -.025 I ! ■ ~= Ell I ■ ~ Ii ~ !!_• ~· Ii I Ii -
EMERGED SEXUALLY NUPTIAL MATED BROOD ESTABLISHED 
MATURE 3 DAYS REARED ~ 
CX> 
in weight of the post-pharyngeal glands correlates with that of the 
esophagous by reaching peak weight in queens which have just reared 
the first minum brood. The post-pharyngeal gland weight decreases in 
established queens to a level between that of newly emerged and 
sexually mature queens. 
The amount of radioactivity injected into the crop of queens 
decreases through ten days, whereas the amount of activity in the 
esophagous and post-pharyngeal glands increases during this same time 
(Table 3). The small amount of activity detected in the midgut may 
be the result of contamination from the haemolymph. Also, the larvae 
contain a high percentage of the lipid activity originally injected 
into the queen's crop. 
Of the total radioactive triolein originally contained in the 
post-pharyngeal glands implanted into queens, 32% is recovered from 
whole body queen extracts (Fig. 16). Only 1% of the total radioactive 
lipid in either the esophagous or crop is recovered from the queen 
body extracts in which each of these is separately implanted. 
After 2L~ hours in which the esophagous has been ligated, L~6% of 
the total activity is retained by the post-pharyngeal glands, and 52% 
of the activity is recovered from the whole body extracts minus the 
post-pharyngeal glands and esophagous (Fig. 17). Only 2% of the 
activity is recovered from the esophagous, which indicates that the 
blockage was successful. The small amount of activity detected in 
the esophagous is probably the result of contamination from the 
haemolymph. 
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Table 3. Percent total counts 14c triolein recovered from S. 
invicta queens after injection into crop 5 days after mating. Each 
percentage represents the mean of 10 replications. Some activity 
was present in the container due most likely to excretion or as 
loss by regurgitation by the queen. 
DAY DAY DAY 
QUEEN 0 5 10 
PPG 0.0 0.3 1.5 
ESOPHAGOUS 0.7 4.0 7.3 
CROP 57.6 43.4 34.7 
MIDGur 0.0 0.2 0.4 
BODY 41.6 40.9 20 .. 6 
LARVAE 0.0 0.0 24.4 
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DISCUSSION AND CONCLUSION 
When considered in respect to the relative body size of the caste, 
the post-pharyngeal glands in~- invicta are most highly developed in 
the queen caste with regard to weight, size, and lobe development. 
These results are in-agreement with Forbes and McFarlane (1961) for 
C. pennsylvanicus. On a ratio of gland measurement to body length or 
caste, the post-pharyngeal glands show decreasing development in 
major, lilinor, minum workers, and males. The post-pharyngeal glands 
are least developed in the male and minum castes, which suggests 
that these glands do not serve as active a role in these castes as 
in the queen. 
Although the labial, maxillary, and mandibular glands attain 
their largest size in the red imported fire ant queen, they are less 
developed in the queen when compared to those of worker castes on a 
relative size basis. Forbes and McFarlane (1961) found the maxillary 
glands to be largest in the queen~- pennsylvanicus and the labial 
glands least developed in queens and males. In relation to body 
length or caste, the greatest relative development of the maxillary, 
mandibular, and labial glands in the red imported fire ant occurs in 
the minum, minor, and major worker castes. This finding suggests the 
function of these glands may be more important to the worker castes 
than to the reproducer castes. 
Of the four major glands associated with the mouthparts, only 
the post-pharyngeal glands are highly developed in the queen caste. 
All other glands are most highly developed in the male and worker 
castes. Therefore, the post-pharyngeal glands may serve a more active 
role in the queen caste, possibly related to her unique role of colony 
founder and egg producer. 
The queen also possesses the smallest brain in relation to head 
capsule size, whereas the minum contains the largest brain, followed 
in decreasing order by minor and major workers. The fact that the 
labial, maxillary, and mandibular glands are largest i.n these worker 
castes correlates with brain development. 
The results of this study concerning the source of the major 
lipid components of the post-pharyngeal glands of the red imported 
fire ant suggest that lipid is obtained from external sources such as 
food only. The post-pharyngeal glands from newly emerged workers 
are colorless and flaccid. The glands remain in this state even 
when workers are fed sugar solutions, but fill when fed materials 
containing lipids. Figure 18 illustrates that the glands selectively 
absorb lipid materials from ingested food by both mass flow and the 
reverse movement of lipids from the crop. 
Different ants vary in the rates of gland and crop uptake of 
lipids. My findings are in agreement with those of Echols (1966) 
54 
and Percy (1970) to the extent that oil soluble dyes enter the glands. 
However, these dyes enter the glands of the red imported fire ant 
much faster after feeding than ~eported for the fungus growing ant 1 
A. cephalotes. My findings differ from those of Percy (1970) who 
stated that the majority of Calico red dye fed to A. ceohalotes 
enters the post.--pharyngeal glands, with only small amounts reaching 
the gut. 
F.i.g. 18. Source of post-pharyngeal gland contents. Saggital 
section through the alimentary tract of a queen of~- invicta, 
depicting food-flow through the foregut. (1) Food enters the 
buccal cavity. (2) Lipid from ingested food enters the post-
pharyngeal glands by mass flow, whereas the remainder of lipids 
{4) enters the esophageal crop. Lipid from the post-pharyngeal 
glands is then absorbed by (3) the haemocoel. (5) Food passes 
from the esophageal crop into the abdominal crop. 
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In well-fed red imported fire ants, the majority of Calico red 
enters the crop and only a smaller portion enters the post-pharyngeal 
glands. However, in unfed ants or newly emerged ants, the glands fill 
first, with the remainder going to the crop. These findings are further 
supported by the fact that only small amounts of 14c triolein and oleic 
acid enter the glands from ingested foods, once the glands have been 
initially filled from the first feeding at the time of emergence.-
The glands appear to be "topped off", and the remainder of the lipid 
goes to and is stored in the crop. 
My dye studies indicate that as lipids in the post-pharyngeal 
glands are depleted, lipids from the crop move backward through the 
esophagous and into the glands. However, triolein and oleic acids 
applied to the surface of worker larvae are not absorbed by the glands 
during the workers' tending activities. Therefore, the brood pheromone, 
triolein, (Bigley and Vinson 1975) located on the surface of sexual re-
productives is not concentrated in the post-pharyngeal glands. These 
findings do not support the hypothesis of Brian (1968) that primer 
pheromones originating from the larvae accumulate in the post-pharyn-
geal glands of workers through worker tending activities .. 
The glands of the queen do not absorb either triglycerides or 
fatty acids from the haemolymph. On a count/minute/weight basis, the 
post-pharyngeal glands have no more activity than the other glands 
studied. The finding that triolein is not sequestered is in contrast 
to· that of Paulsen (1969) who reported triolein being sequestered by 
the post-pharyngeal glands of F. polyctena. However, even in the 
studies of Paulsenj less than 1% of the injected dose of triolein was 
sequestered by the glands. 
Excision of the post-pharyn3eal glands from queens does not 
noticeably affect their behavior or the behavior they elicit from 
the remainder of the colony. The queen continues to lay eggs which 
develop into normal adults. Nurse workers continue to fzed and tend 
the queen which indicates that she is still recognized by the colony 
as a queen. Because of these findings and the fact that none of the 
lipid fractions from the glands prove attractive to the workers, the 
post-pharyngeal glands appear not to be the source of any specific 
pheromone such as the queen pheromone. These findings are in agree-
ment with those of Brian (1973a) in which he found no behavioral 
changes in queens of M. rubra after post-pharyngeal gland excision. 
The loss of weight in queens during the two months in which they 
live indicates that the glands play a role in nutrition. This is 
supported by the fact that the weight of the glands, and thus lipid 
content, increases in establishing queens which have just reared the 
first brood. Brian (1973b) also states that the fat bodies are de-
pleted in queens in which the post-pharyngeal glands have been ex-
cised, thus supporting the contention that the glands are involved 
in lipid absorption. 
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As the crop contents decrease from the time when the queen begins 
colony founding, the esophagous and post-pharyngeal gland contents 
increase as a result of the degeneration of the wing muscles. This 
allows the esophagous to expand and the crop contents to move back-
ward through the alimentary tract. The fact that larval homogenates 
increase in radioactLvity as the crop contents of the queen decrease> 
suggests that the queen is regurgitating food from her crop to the 
larvae. 
In the queen, the weight of the midgut decreases during brood 
rearing and the total activity of the midgut remains small and 
relatively constant. Therefore, the cardiac valve located between 
the crop and midgut may be constricted with respect to lipids. As 
radiolabeled lipid is detected in the haernolymph after implanting 
ll• post-pharyngeal glands containing C triolein, the post-pharyngeal 
gland cells may be absorbing lipids from the lumen of the glands and 
releasing the lipids to the haemocoel. This finding is confirmed by 
the detection of activity in the haemolyrnph of queens after the 
14 
esophagous has been ligated and the queens have been presented C 
triolein. The only way activity in the haemolymph can be accounted 
for is by transport of the lipids from the post-pharyngeal gland 
lumen through the gland cells to the haemocoel as illustrated in 
Figure 19. This observation is supported by the fact that no 
activity was detected in the midgut (Table 3), while high amounts 
of activity were detected in the haemolymph. The conclusion is sup-
ported by Eisner (1955) who stated that histochemically the foregut 
of the American cockroach, Periplaneta americana, appears to absorb 
lipids. The rate of absorption depends on both the viscosity and 
the degree of hydrolysis. 
The results of this study indicate that the post-pharyngeal 
glands <lo not function primarily as glands. Rather they function 
as gut diverticuli, involved in lipid absorption and storage .. The 
glands contain the most radioactivity and attain the greatest weight 
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Fig 19. Function of the post-pharyngeal glands. Saggital sec-
tion through the alimentary tract of a queen of~. invicta i.n the 
process of colony establishment. (1) Food stored in the crop prior 
to the nuptial flight moves backward into (2) the esophageal crop as 
the wing muscles degenerate, allowing for the expansion of the 
esophagous. From the esophageal crop, a small amount of nutrient 
moves into (3) the post-pharyngeal glands, whereas the majority is 
fed to (5) the developing larvae. }rorn the post-pharyngeal glands 
(3) the lipid is absorbed into (4) the haemocoel. 
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during colony establishment. This indicates that the glands are most 
functional during times of brood rearing. The gland contents may 
also be the primary means whereby the queen obtains her nourishment 
during brood rearing, if in fact, the crop contents are reserved for 
the larvae and are not released to the midgut. 
In conclusion, the post-pharyngeal glands do not function as 
glands, and therefore any reference to them as such is a misnomer. 
The post-pharyngeal glands should be more accurately referred to as 
the cephalic caeca. 
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